Introduction
The process of resupply involves transferring liquid into either empty or partially full tanks. The resupply of tanks in low gravity poses several technical challenges.
Chief among these are the uncertainty of liquid and vapor distributions in a tank in low gravity, and the need to keep tank operating pressure low to reduce tank mass. During a fill in a normal gravity environment, a top vent is kept open to vent the vapor generated during the fill process, thereby maintaining a low tank pressure. If the same approach is used in a low gravity environment, the ullage gas may not vent since the position of the vent opening relative to the ullage cannot be predicted. Instead of venting vapor, large amounts of liquid may be dumped overboard. Unbalanced torques produced by venting two-phase flow, may cause the spacecraft to tumble out of control (this occurred on Atlas Centaur 41 ). One way to avoid these problems is to use a vane propellant management device (PMD) to separate liquid and gas. This PMD uses the capillary forces between the fluid and the vane device to control the fluid position inside the tank. If the PMD is designed such that the liquid is retained over the fluid inlet/outlet, and the gas is oriented around a vent tube, a This paper is declared a workof the U.S. Government and not subject to copyright protection in the United States. 
Experiment Description
The experiment hardware primarily consisted of two 0.8 cubic foot acrylic tanks with vane type propellant management devices (PMD's) for fluid position control.
The test fluid was a dyed Refrigerant-113 which provided the best simulant for both storable propellants and for cryogenic fluids (it has a much higher vapor pressure at room temperature than water). The red dye For VTRE a series of drop tower tests were conducted using a 4 inch scale model of the VTRE tanks and the maximum stable Weber number for inflow was found to be at a Weber number of 4 to 5.
The system design of the VTRE Flight Experiment is shown schematically in Figure 2 . The fluid transfers were driven by a pressure difference from tank to tank which was provided by a gaseous nitrogen (GN2)
NASA TM-107498pressurization system consisting ofa300cubic inch, 3000 psiaGN2tankanddual regulators toreduce the pressurization system outlet pressure to10psig. The experiment wasdesigned tofit within3modified Hitchhiker (HH)5cubicfootcanisters. Thelidswere modified toprovide fortherequired fluidandelectrical connections between thecenter can(which included the pressurization system and theexperiment control electronics) and theouter cans (containing thetest tanks and thevideo system). During atransfer, onetank would bepressurized viathepressurization system and theother onevented toalower pressure viaaback pressure regulator inthevent plumbing. In addition to the venting tests described above, a series of boiling tests were conducted in one tank. The same procedure as described above applied. However, the tank was vented to a low enough pressure that bubbles in the fluid were generated due to the boiling of the liquid itself.
Finally, one other series of tests were conducted where the STS thrusters were used to impose accelerations on the fluid. The video system was used to record the resulting fluid motions and the rewicking of the fluid into the steady-state low-g fluid interface shape. Due to the conflicting requirements for the tank orientations these tests were conducted in tank B only at a fill level of 20%.
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Transfer Tests
The data showed that the eight primary (empty to full) transfers were successful and the critical Weber number is much higher than the preflight prediction. Video stills from a typical transfer are shown in figure 3 . In figure  3a the transfer is just starting but already a column-of- would begin to evolve. The key to being able to sustain a vent using a vane type PMD is that these bubbles must grow to a size large enough for the vane device to effectively pump the bubbles to the ullage region (as opposed to what occurs in a one-g environment where numerous small bubbles form and are then transported to the gas region via buoyancy).
In low-g a bubble will not be pumped in any direction unless a pressure gradient is established across the surface. Once the bubbles contacts two or more vanes, the bubble is deformed from the low energy spherical shape to a The pressure data during one vent is provided in Figure   12 . Here the tank pressure can be seen to drop very rapidly at the start with the pressure reduction rate gradually decreasing. The decrease in the pressure reduction rate is due to the reduction in flowrate with decreasing tank pressure (the vent flow control valve was choked during these vents) and was also due to the nitrogen bubbles coming out of solution, resulting in an increase in gas volume that must be vented from the tank to achieve a net pressure reduction. 
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Aswiththetransfer testing, vent tests were conducted on tanks that were only 20% full. These tests showed no issues since the ullage volume was so large.
Considerably higher vent flowrates than were possible with the VTRE system would have been required to obtain an unstable vent for these fill levels.
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